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FLUID SUPPLY CONNECTION FOR
REDUCTANT DELIVERY UNIT FOR
SELECTIVE CATALYTIC REDUCTION
SYSTEMS

This application claims the benefit for priority purposes of

the earlier filing date of U.S. Provisional Application No.
60/982,531, filed on Oct. 25, 2007, which 1s hereby 1incorpo-
rated by reference 1nto this specification.

FIELD OF THE INVENTION

The invention relates to a reductant delivery umt (RDU)
that supplies reductant to an engine exhaust system and, more
particularly, to an improved fluid supply connection between
a Selective Catalytic Reduction (SCR) imjection unit and
heated supply tube.

BACKGROUND OF THE INVENTION

The advent of a new round of stringent emissions legisla-
tion 1n Europe and North America 1s driving the implemen-
tation of new exhaust after-treatment systems, particularly for
lean-burn technologies such as compression-1gnition (diesel)
engines, and stratified-charge spark-1gnited engines (usually
with direct injection) that are operating under lean and ultra-
lean conditions. Lean-burn engines exhibit high levels of
nitrogen oxide (NOx) emissions that are difficult to treat in
oxygen-rich exhaust environments characteristic of lean-burn
combustion. Exhaust after-treatment technologies are cur-
rently being developed that will treat NOx under these con-
ditions. One of these technologies comprises a catalyst that
facilitates the reactions of ammonia (NH,) with the exhaust
nitrogen oxides (NOx) to produce nitrogen (N,) and water
(H,O). This technology 1s referred to as Selective Catalytic
Reduction (SCR).

Ammonia 1s difficult to handle 1n 1ts pure form 1n the
automotive environment. Therefore, 1t 1s customary with
these systems to use a liquid aqueous urea solution, typically
at a 32% concentration of urea solution (CO (NH,),). The
solution 1s referred to as AUS-32, and 1s also known under 1ts
commercial name of AdBlue. The urea solution 1s delivered to
the hot exhaust stream and 1s transformed into ammonia in the
exhaust after undergoing thermolysis, or thermal decompo-
sition, mnto ammonia and 1socyanic acid (HNCO). The 1so0-
cyanic acid then undergoes a hydrolysis with the water
present 1n the exhaust and is transformed mnto ammonia and
carbon dioxide (CO2). The ammomnia resulting from the ther-
molysis and the hydrolysis then undergoes a catalyzed reac-
tion with the mitrogen oxides as described previously.

The delivery ofthe AUS-32 solution to the exhaust involves
precise metering of the flud and proper preparation of the
fluid to facilitate the later mixing of the ammoma in the
exhaust stream. The precise metering 1s typically provided by
the use of a low-cost, high volume solenoid injector com-
monly used 1n gasoline fuel systems.

The 1njector 1s supplied with AUS-32 via tubing that must
be heated due to the relatively high freezing point of =11 C of
the flmd. With reference to FIG. 1, the tubing interface 10 to
the RDU 12 1s generally a fluid connection that permaits rapid
coupling or decoupling of heated tubing (not shown) from the
interface 10 for ease of assembly or for servicing. The RDU
12 1s shown coupled to an exhaust tlow path 13. The injector
side of the connection 1s then welded or joined to the injector
cup 14, into which 1s placed the 1njector inlet connector with
O-ring 15 providing sealing. This connection results 1n an
unheated volume (indicated by dimension A in FIG. 2) of
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fluad that 1s difficult to reach by the electrical heating element
emanating from the tubing, thus increasing thaw times to

thaw this volume.

Robert Bosch and Purem each have SCR systems in limited
volume production for the heavy-duty diesel engine sector.

In the case of the Purem system, the metering control 1s
carried out by a Siemens Deka IV injector mounted 1n a
control block. The metered fluid 1s transported via a tube to
the exhaust. After the metering valve, the tluid 1s also exposed
to compressed air to aid with atomization which will ensure
subsequent good mixing with the exhaust gas. The pressur-
1zed mixture 1s then injected into the exhaust. There 1s no
provision for heating the fluid in the dosing unit. However,
tubes supplying the dosing unit are heated and the system 1s
purged with air at shutdown mimmizing the amount of fluid
that freezes. The fluid connection 1s made with a standard
SAE 12044 quick connect fitting, creating the thawing prob-
lem noted above.

The Bosch production air-assist system also comprises a
dosing module with heated supply tubes. Bosch has also
disclosed a system concept that does not use air. Since air
compression 1s not expected to be available on many future
applications of the SCR technology, there 1s a need to have
delivery of the AUS-32 without air-assistance while using a
solenoid 1njector. In the conventional Bosch system without
air assistance, the supply tubes to the injection unit are heated,
with the injection unit interface to the flmd supply tubes
employing the SAE J2044 quick connect fittings, creating the
thawing problem noted above.

Thus, there 1s also a need to provide an 1improved fluid
connection for an RDU that minimizes the volume of
unheated tluid at the supply system interface.

SUMMARY OF THE INVENTION

An object of the invention 1s to fulfill the needs referred to
above. In accordance with the principles of the present inven-
tion, this objective 1s obtained by providing a reductant deliv-
ery unit for selective catalytic reduction (SCR) after-treat-
ment for vehicles. The reductant delivery unit includes a
solenoid fluid 1njector constructed and arranged to be associ-
ated with an exhaust gas tlow path upstream of a SCR cata-
lytic converter. The fluid 1njector has a fluid inlet and a fluid
outlet. The fluid inlet being constructed and arranged to
receive a source ol urea solution and the fluid outlet being
constructed and arranged to communicate directly with the
exhaust tlow path so as to control injection of urea solution
into the exhaust gas tlow path. Supply structure defines the
fluid 1nlet. The supply structure includes a cup coupled to a
body of the mjector and a supply tube integral with the cup to
define a single member. The supply tube 1s constructed and
arranged to be coupled with the source of urea solution to
deliver urea solution to the fluid inlet. The supply tube 1s
constructed and arranged to be heated by a heat source so that
an entire volume of the urea solution delivered to the fluid
inlet 1s heated.

In accordance with yet another aspect of a disclosed
embodiment, a method ensures that urea solution provided to
a reductant delivery umit (RDU) for selective catalytic reduc-
tion (SCR) after-treatment for vehicles 1s heated. The RDU 1s
mounted with respect to an exhaust gas flow path so as to
inject urea solution directly into the exhaust gas flow path.
The method provides supply structure defining a fluid inlet of
the RDU. The supply structure includes a supply tube integral
with a portion of the RDU so as to define a single member.
The supply tube 1s coupled with the source of urea solution to
deliver urea solution to the fluid inlet. The supply tube 1s



US 8,087,239 B2

3

heated so that an entire volume of the urea solution delivered
to the fluid inlet of the RDU 1s heated.

Other objects, features and characteristics of the present
invention, as well as the methods of operation and the func-
tions of the related elements of the structure, the combination
of parts and economics of manufacture will become more
apparent upon consideration of the following detailed
description and appended claims with reference to the accom-

panying drawings, all of which form a part of this specifica-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood from the following
detailed description of the preferred embodiments thereof,
taken 1n conjunction with the accompanying drawings,
wherein like reference numerals refer to like parts, 1n which:

FIG. 1 1s a view of a conventional RDU, connected to an
exhaust tlow path, showing a tluid supply connection thereof.

FI1G. 2 1s a sectional view of a portion of the RDU of FIG.
1.

FIG. 3 1s a perspective view of an RDU, provided 1n accor-
dance with an embodiment of the present invention, having
supply structure including a heated supply tube integrated
into an 1njector cup.

FI1G. 4 1s a sectional view of a portion of the RDU of FIG.
3.

FIG. 5 1s schematic view of the RDU of FIG. 2 shown

mounted to an exhaust flow path.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

L1

With reference to FIG. 3, a reductant delivery unit (RDU)
for the delivery of AUS-32 to the engine exhaust 1s shown,
generally indicated at 16, 1n accordance with an embodiment
of the invention. The RDU 16 1s used 1n SCR exhaust after-
treatment systems on vehicles.

The metering function of the RDU 16 1s performed by a
specially adapted and packaged solenoid fluid injector 18.
Theinjector 18 also provides the spray preparation of the fluid
in the exhaust path 13 that 1s upstream of an SCR cata. ytic
converter 20 (FIG. 5). More particularly, a flange 22 of the
RDU 16 with injector 18 1s mounted on a boss 24 of the
exhaust path 13 preferably between an oxygen catalytic con-
verter 26 and the SCR catalytic converter 20. An advantage of
using the fluid injector 18 1s a reduction 1n cost afforded by
using a high volume automotive component.

The fluid mjector 18 1s preferably a gasoline, electrically
operated, solenoid fluid 1njector such as the type disclosed 1n
U.S. Pat. No. 6,685,112 and co-pending U.S. application Ser.
No. 12/078,252, filed on Mar. 28, 2008, the content of this
patent and this application are hereby incorporated by refer-
ence nto this specification.

The injector 18 also has a fluid inlet 28 and a fuel outlet 30
that extends through the tflange 24. The inlet 28 receives a
source of urea solution or AUS-32 via a supply tube 29 from
a tank 27 (FIG. §). The fluid outlet 30 communicates with the
exhaust tlow path 13 so the solution can be 1njected directly
into the exhaust tlow path 13. Power 1s provided to the injector
18 at electrical connector 23. The injector 18 controls the tlow

rate of AUS-32 into the exhaust flow path 13 and also shuts-
off the flow.

In accordance with an embodiment of the invention and as
best shown 1n FIG. 4, the supply tube 29 1s made integral with
a supply structure, generally indicated at 32, of the injector
18. The supply structure 32 communicates with the fluid inlet
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28 of the injector 18. Thus, with the embodiment, there 1s no
connection between the supply tube 29 and the supply struc-
ture 32 since they are integral and define a single member. As
shown 1n FIG. 5, a heat source 33 heats the entire supply tube
29 so that an entire volume of the urea solution delivered to
the inlet 28 of the mnjector 18 1s heated. Therefore, this con-
figuration provides an advantage over the conventional RDU
12 of FIG. 2 since no time 1s needed to thaw tluid that would
otherwise freeze 1n the unheated volume A of FIG. 2.

The supply structure 32, preferably molded of plastic,
includes an integral tlange 35, from which the integral supply
tube 29 extends, and an integral cup 37 that 1s sealed with
respect to the injector body 41 via an O-ring 39. The flange 35
can be considered to be part of the cup 37. The supply struc-
ture 32 1s mechanically joined to the RDU 16. In the embodi-
ment, this mechanical coupling 1s achieved by providing mul-
tiple flexible tangs 34 extending from the flange 35. The tangs
34 are defined during molding of the supply structure 32.
Each tang 34 passes through opening 36 1n a heat shield 38 of
the RDU 16 and engages a surface 40 of the heat shield 38 at
a first end 42 thereof. The heat shield 38 1s generally cylin-
drical having an open end 42. The flange 33 closes the open
end 42. The heat shield i1s constructed and arranged to sub-
stantially surround the injector 18 with the other, opposing
end 44 of the heat shield 38 being coupled with the flange 22
that mounts to the boss 24.

In the event that servicing 1s required without disassembly
of the RDU 16 from the exhaust gas path 13, access openings
to access the tangs 34 are provided in the heat shield 38 for a
tool to push the tangs 34 back toward the openings 36. Instead
of providing the tangs, other removable securing means can
be used such as, for example, bolts, clips, snap {its, etc.

In the event that servicing 1s not desirable, another embodi-
ment would involve the molding of the plastic supply struc-
ture 32 directly to the heat shield 38. The heat shield 38 would
subsequently be assembled to the rest of the RDU 16.

The foregoing preferred embodiments have been shown
and described for the purposes of illustrating the structural
and functional principles of the present invention, as well as
illustrating the methods of employing the preferred embodi-
ments and are subject to change without departing from such
principles. Therefore, this invention includes all modifica-
tions encompassed within the spirit of the following claims.

What 1s claimed 1s:

1. A reductant delivery unit for selective catalytic reduction
(SCR) after-treatment for vehicles, the reductant delivery unit
comprising;

a solenoid fluid injector constructed and arranged to be
associated with an exhaust gas flow path upstream of a
SCR catalytic converter, the fluid injector having a fluid
inlet and a fluid outlet, the fluid 1nlet being constructed
and arranged to recetve a source of urea solution and the
fluid outlet being constructed and arranged to commu-
nicate directly with the exhaust tlow path so as to control
injection of urea solution into the exhaust gas tflow path,

supply structure separate from and external of the fluid
injector and in fluid communication with the fluid inlet,
the supply structure including a supply tube and a flange
sealed to a body of the fuel imjector, the supply tube
being 1 fluid communication with the flange and
extending from the flange, the supply tube being con-
structed and arranged to be coupled with the source of
urea solution to deliver urea solution to the fluid inlet,
and

a heat shield substantially surrounding the injector, the
flange being constructed and arranged to be removably
coupled to the heat shield,
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wherein the supply tube 1s constructed and arranged to be
heated by a heat source so that an entire volume of the
urea solution delivered to the fluid inlet 1s heated.

2. The unit of claim 1, wherein the flange includes a cup
coupled to a body of the imjector with the supply tube being
integral with the cup to define a single member.

3. The umt of claim 1, wherein the flange 1includes a plu-
rality of flexible tangs extending there-from, an end of the
heat shield including a plurality of openings, a tang being,
received 1n an associated opening, with the tangs engaging a
surface of the heat shield to removably secure the supply
structure to the heat shield.

4. The unit of claam 1, wherein the supply structure 1s
molded from plastic.

5. The umit of claim 3, wherein the heat shield 1s generally
cylindrical having an open end with the flange closing the
open end, and wherein the heat shield includes openings
constructed and arranged to access the tangs.

6. The unit of claim 1, wherein heat shield has opposing
first and second ends, a portion of the flange being removably
coupled to the first end, the unit further comprising a second
flange coupled to the second end of the heat shield, the second
flange being constructed and arranged to be coupled to the
exhaust gas flow path.

7. The unit of claim 1, 1n combination with a heater heating
the entire supply tube.

8. A reductant delivery unit for selective catalytic reduction
(SCR) after-treatment for vehicles, the reductant delivery unit
comprising:

a solenoid fluid 1njector constructed and arranged to be
associated with an exhaust gas tlow path upstream of a
SCR catalytic converter, the fluid injector having a fluid
inlet and a fluid outlet, the fluid 1nlet being constructed
and arranged to recerve a source of urea solution and the
fluid outlet being constructed and arranged to commu-
nicate directly with the exhaust tlow path so as to control
injection of urea solution into the exhaust gas tlow path,

means for supplying the urea solution, the means for sup-
plying being separate from and external of the fluid
injector and in fluid communication with the fluid inlet
and including a supply tube and a flange sealed to a body
of the fuel 1mjector, the supply tube being 1n fluid com-
munication with the flange and extending from the
flange, the supply tube being constructed and arranged
to be coupled with the source of urea solution to deliver
urea solution to the fluid 1nlet, and

means for shielding the mjector, the means for shielding
substantially surrounding the injector, the flange being
constructed and arranged to be removably coupled to the
means for shielding,
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wherein the supply tube 1s constructed and arranged to be
heated by a heat source so that an entire volume of the
urea solution delivered to the fluid inlet of the 1njector 1s
heated.

9. The unit of claim 8, wherein the flange includes a cup
coupled to a body of the injector with the supply tube being
integral with the cup to define a single member.

10. The unit of claim 8, wherein the flange includes means
for removably securing the flange to an end of the means for
shielding.

11. The unit of claim 8, wherein the means for supplying 1s
molded from plastic.

12. The unit of claim 9, wherein the means for supplying 1s
molded from plastic.

13. The unit of claim 8, wherein the means for shielding 1s
a generally cylindrical member having an open end, with the
flange closing the open end.

14. The unit of claim 8, wherein means for shielding has
opposing first and second ends, the flange being removably
coupled to the first end, the unit further comprising and a
second flange coupled to the second ether end of the heat
shield, the second tlange being constructed and arranged to be
coupled to the exhaust gas tlow path.

15. The unit of claim 8, in combination with a heater
heating the supply tube.

16. A method of ensuring that urea solution provided to a
reductant delivery unit (RDU) for selective catalytic reduc-
tion (SCR) after-treatment for vehicles i1s heated, the RDU
including an 1njector and being mounted with respect to an
exhaust gas flow path so as to inject urea solution directly into
the exhaust gas tlow path, the method comprising;

providing supply structure separate from and external of

the fluid 1njector and 1n fluid communication with a fluid
inlet of the RDU, the supply structure including a supply
tube and a flange sealed to a body of the injector, the
supply tube being in fluid communication with the
flange and extending from the flange, the supply tube
being coupled with the source of urea solution to deliver
urea solution to the fluid inlet,

providing a heat shield to substantially surround the injec-

tor,

coupling, 1n a removable manner, the flange to the heat

shield, and

heating the supply tube so that an entire volume of the urea

solution delivered to the fluid inlet of the RDU 1s heated.

17. The method of claim 16, wherein the step of providing
the supply structure includes molding the supply structure
from plastic.
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